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FOREWORD

This report was prepared by ths Lowell Technological Institute Research
Foundation under USAF Contract No, AF 33(516)-458. The contract was initiated
under Project No. 7320, “Air Force Textile Matariela®  Task No, 73201, "Textils
Materials for Parachutes’, formerly RDO No, 612-12, "Textilss for High Speed

g Parachutes”, and vas admin{stered under the direction of the Materials laboratary,
v : Directorate of Ressarch, Wright Air Development Canter, with Mr, J. H. Rocs
scting as project engineer,

This report covers vork conducted from March 1953 to March 1955.

We sre grateful to the companies who contributed the various antiatatic
finisues evaluated in this program, The interest and technical assistance
offared by many of the concerns have been of considerable wvalue in our work.

Because of the nature of this program, several peoples were called upon to
contribute to various specialized phases of work., Prof, J. H, Skinkle, Mr, G,
O. langlais, Mr, R, K, Deve jian, and Mr, H, Prown were instrumental in the
program formulation during the initial stages of this work, We would also like
to acinowledge tha assistance of Dr. 0, K. Maward{ and Mr, A. A, Janszen in the
evaluatica of axisting theoriss of atatic elesctricity and the wvarious instruments
used to indicate the relative effactiveness of antistatic agents,
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ABSTRACT

A lirerature search covering instrumentation, antistatic agents, and theo-
ries of static electrification was conducted to provide a foundation for
the evaluation of antistatic treated nvlon parachute cloth, An appraisal
of the techniques employed by ot ‘er investigators, in the evaluation of
the static bebavior of meterials. justified the utilisation of fabric sur-
face resistance as the measurable parameter. Special instrumentation was
developed to provide the desireu test conditions of -30°F and 10X RH and
permit the required range of resistance measurements, While no persmnent
aniistatic agent studied was found to be effective at the low temperature
test conditiona, specific non-permanent agents gzave the treated material
a surface resistance at the test conditions which was comparable to the
rolin;nce of untreated nylon fabric at standard test conditions of 70°F
and 65X RH,

PUBLICATION REVIEW

This report has been reviewed and is approved,

FOR THE COMMANDER: M

vy

M. R. WHITIORE
Technical Director
Materials Laboratory
Directorats of Research
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I INTRCDUCTION

The Problem of Stactic Electricity on Parachutes

Nylon parachutes under norma’. conql.ivne usually function without any notice-
able difficulty produced by static electr._ity. However, a sigaificant number of
delayed parachute cpenings have been reprrted where cold, dry atmospheric condi-
tions prevailed, These delayed openings may have been caused, in whole or in
part, by the accunulation and retention of strong electrostatic charges on the
nylon fabric, Because of the magnitude of the charge ex.sting on the nylon under
extreme climatic conditions, there is a greater tendency for the panels of the
parachute to cling together luring opening. The object of this investigation was
to carry out a program of research, development, and evaluation to determine the
antistatic agent most suitable for the treatment of perscnnel type nylon parachute

fabrics to eliminate the possibility of malfunctioning caused by electrostatic
charges.

Although the literature contains an ever increasing quantity of information
on such subjects as the phenomenon of static, the effects of antistatic agents, R
and the techniques for measuring the static properties of materials, no reported ;.
work has been conducted at conditions of extremely low temperature and low rela-
tive humidity, In addition, there is no satisfactory experimental criterion with

which the acceptability or non-acceptability of a fabric's electrostatic behavior %
can be predicted,

In the case of the electrostatic difficulties encountered with untreated nylon 3
in the manufacturing processes and in many consumer uses, the reduction of the
static tendencies of treated nylon to a magnitude comparable with the static pro-
perties exhibited by cotton at normal ambient conditions is considered to be a
satisfactory goal, However, this goal would be too ambitious for the case of ..
parachutes operating at sub zero tempcratures. A4« nylon parachutes function pro- -
perly under conditiona of normal operation, the electrostatic properties of the
material at those normal conditions is undoubtedly satisfactory even though they
are much greater than for cotton fabrics under similar conditions. Should these
prorerties be retained by the material, after antistatic treatment, when the con-
ditions of use are those which are considered to be extreme, then the slectro-~
static beravior of the treated nylon should, likewise, be satisfactory. With this <
interpretation of the requirements, the desired target properties of a treated R
nylon fabric were considered to be as follows: K

1. The treated tabric, when tested at conditions ot -30°F and
104 RH, should have electrostatic properties comparable
with the eiectrostatic propertiesr of untreated nylou . .
tested at 709F and 65% RH.

2. The antistatic agent should be essentially nonvolatile at
temperatures below 130°F,

3. The treatmen shouid be fast to laundering and dry clean- BS

ing at temperatures up to 170°F,
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4. The treated fabric should retain the tensile strength,
tear strength, weight, color, and air permeability of
the untreated fabric, both before an: after accelerated
ageing. ‘

The program to achieve these target properties was divided into three phases:
first, an extensive review of the techni al literature available or static electri-
city, techniques for determining the elec.rostatic properties of textile materials,
and textile antistatic agents; second, zn investigatiocn to determine the most satis-
factory method for evaluating agents at conditions of low temperature and low rela-
tive bumidity; and, third, the application and evaluation of nylon antistatic agents
supplied by tke various manufacturers,

Phencmenon of Static
The phenamenon of static =2lectrification was man's first insight into ths field

of electricity, As far back as 600 B, C., it was recognized that amber, which is

a foesilized vegetable resin, after being handled acquired the ability to attract
light particles of matter, Thus, from the Greek "eleitron” meaning "amber", the

word "electricity" was derived,

A search of the scientific literature on static electricity (a bibliography is
presented in Appendix I) disclosed that, although an impressive amount of work has
been done, little effort has been directed toward an understanding of the basic phe-
nomenon. This situation exists in spite of the fact that the manifestations of
static electricity are a common occurreace, and are observable both in the praduc-
tive utilization of static as well as the hatards created by its presence. In the
field of medicine, static electricity is utilized in Electrotherapy, the treatment
of disease by electricity; yst, the fear of ether explosions due to static electri-
city Is constantly present in the operating room. Electrostatic fiocking produces
8 highly desirable commercial textile product; yet, processing difficulties brought
about by static charges on textlie fibers, yuras, and fabrics continue to produce
costly and hasardous situations,

Recently, as a result of the difficulties encountered in the fabrication and
performance of textile materials, the need for a study of the basic aspects of
static has become acute. It is common knc /ledge that since the advent of the newer
synthetic fibers, operational hazards and failures have been multiplied because of
the greater tendency of these fibers to accrmulate and retain static charges than
is the case for the natural fibers. Thus, recent investigations have been concemn-
ed primarily with the manifestations of static electricity rather than with its
ccuses, This can be attributed to the urgent need of corrective measures for the
abatement of oreratiovnal difiiculties, :

On the other hand, it is hardly surprising that the fundanental aspects of
static electricity have received such meager attention from the scientists, It has
been only recently, with the inception of the new theories of solid state physics,
that the tools needed for such an investigation have begun to appear, Through the
study of solid state physics, the great complexity of factors that enter into the
determinatica of the characteristics of s surface have become more apparent; yet,
the characteristics of the surface of a material are only one set of factors cf the
total number that affect the clectrestatic properties of a material,
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A significant commentary on the status of sclid state physics wa3 reflected bdy
the recent trip of a prominent research scientist to ..nother scientist at tne Massa-
chusetts Inatitute of Technology. The meeting was tu discuas the probaoility that
a single clue had been found which right lead to the isolation of a single factor
which would regulate the surface characteristics of a germanium crystal. Wwhen it
is cousidered that germanium can be purifie: ro a degree that has not been tossible
for any other elescnt, and has been the subject of more rescarch than any other
material up to the present time, the probl:ms that T:st be faced i{n the study of
fabric sucfaces can be more fully realized, It seems probable that much affort will
be expended before quantitative answers are available to the questions concerring
gtatic electricity on textiles.

The term "static electrification” was defined by Lobe (32) as all procssses
{for producing segregation of positive and negative electrical charges by mechanical
~itions which cperate by contact or impact between solid surfaces, between solid and
liquid surfaces, or in the rupture of solid cr liquid surfaces by gases,

The generation of static charges on so called non-conductors, of which most
synthetic fibery are typical, has been ascribed to a number of causes. Among these
are frictional or triboelectric effect:, Volta mechanism or double-layer scparation
effects, and electrolytic effects. A logical, partial explaratirn of static charges
wvas given { .; the first time by Frenkel (16) in 1917. The theury, however, was far
from complets, and has been subjected to many revisions based upon new developments,
(1), (21). Gonsalves (21) did not isolate the triboelectric effec* froa the double-
layer effect, but rather considered that both terms referred to the trarsfer of
electrons across an interface. Although his study was confined to the case of
little or no friction, Gonsalves recognized the opiniou of other physicists, that
in the case of strong friction between the surfaces of wuterials, other mechanisms
of charge transition would occur.

Of the several theories advanced to explain thc mechanism of frictional static
generation, the modern theory, basea upoz guantum mechanical considerations (4),
(21), (57), (64), (70). is the most satisfactory. An explanation of this theory,
given in Appendix II, has been przpared by Dr. 0. K. Mawardi,

Parameters for the Measurement of Static Propensity

The parameters that are known to be impor-tant in the detsrmination of one or
myre aspects of the electrustatic bebavior of textile inaterials are:

1. The Specific Resistance, or Resistivity,

This quantity can be a composite, being determined by the physical
properties of both the surface and the volume of a material.

2. The Dielectric Constant,

This is a quantity that enters into the capacitance of a given
coafiguration with respect to its surroundings,

3. The Magnitude of the Electrostatic Voltage Gensrated Across
an Interface.
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These parameters determine the magnitude of the instantanecus volta,ze generated
acreoss an inta:rface for a given set of external conditions. It is to be understoud
that the torm "interface" is ugsed to refer to surface dimensions as small as those
of a large molecul:, for it has been observed {34y, (69), that on sheets of plastic
and paper the disrributicn of charges over a surface can be extremely complex,
generally being - mosaic in which the pattern is produced by differences in charge
density and pola:i:y. Although the msg «itud: uf the voltage generated across an:
interface may be small, the field strenm, ‘' may be extremely high (21), deing limited
to the value at which ionization of the gas at time interface occurs., Separation cf
the two surfaces comprising such an inerface nay result in a large rise in poton-
tial, since the charge nay remain nearly constant while the capacitance of the
system is reduced. Whether this voltage remains at a high value, i. e,, whether
the charg:s on the interface remain immobile, depends on the presence or.lack of
discharge paths. Such paths can exist to ground through the material, along ite
surface, or between oppositcly charged areas on the material. Ion paths, likew.ce,
can cause dissipation of charge by means of corona discharge between adjacent areas
or by the attraction of ions from an external ion source. However, when the total
"parallel” resistance of the shunt discharge paths is extremely high, charges can
be daveloped and retained.

Although there has Leen general agreement on the detrimental effects of static
electrical charge accumulation and the need for alleviating measures, agreement has
not been so general concerning the methods to be used. Nevertheless, all correct-
ive measures are based on either the prevention of the formation of the charge or
the rapid dissipation of any charge developed.

At least for certain operations in mills, one successful artifice for the dis-
sipation of the static charge has been the installation of "static control bars"
congisting of generators of both positive and negative ions, The area surrounding
the point of static formation is rendered conducting, thus allowing a rapid dis-
sipation of the charge.

A second method of control has been the application of finishes to the yarns
or fabrics which reduce tt ' instantaneous value of the charge. It is generally
assumed that such age.ts uwe their effectiveness to their ability to reduce the
surface and/or volume resistivitv of the material, therecby providing paths of low
resistance through which charges may uve dissipated to ground or through which they
can neutralize each other (1), (2), (S), (11), (14), (1), (19}, (20), (26), (27),
(28), (29), (33), (40), (31), (45), (48}, (4}, (583, (s9), (60}, (61, (66).

Graham {22), however, is of the opirion that "the main function of an anti-
static agent is to form an electrostatic shield between fiber and metal in order to
reduce or eliminate the contact potential between them., Surfice active agents are
e fective as antistatic agents because they arc oricented on the surface of the
fiber thus forming a more effective electrostatic shield," He refers only to the
performance of fibers during fabrication, during which process, he states, most of
the electrification is the result of fiber-to~metal coatacts, ’

In (rder to assign figures of merit to various agents that might be used for
static control, it is necessary to make observations on their effects, These ob-
servaticns have been made at operational levels as well ac in the laboratory, and
1ave been reported in the literature. At least one prominent authority on anti-
static agents is of the opinion that of all the measurements that are practical at
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the present time, none can provide an accurate indication of the r~perational elec-
trostatic behavior of a textile {13). It is undoubtedly true, however, that order-
of-magnitwle indications of relative performance und r spccific sets of conditions
can be ohb.aired by making measurements of one or more of the parameters affecting
electrical performence,

The experimental techniques, reported in the literature, used in evaluating
electrical characteriastics are measurements cf:

1. The electrical ciarge
2. The electrical potentaal
3. The specific resistance or resistivity
4. The rate of rise of the charge
S. The rate of decay of the charge
6. The relation between the resistivity and the potential gradient
The measurements of charge are difficult to make when applied to plastic and
paper sheets (14), (69), and even more difficult when applied to fabrics because of
the following considerations:
1. Except when extremely small samples are used (43), (44), it has not
teen possible to achicve a uniform charge density of a single polarity
over a large enough area to permit measurements to bv made with accuracy.
Since the charge density is small (21), measurements must be made over
an area so large that the total charge is much greater than the charse
required to give an accurate indication on the msasuring instrument,
The time constant of the capacitance under measurcment and the in-
ternal resistance of the sensing instrumen: must be large irn compari~
son to the time required for an observation,
The internal resistance of the measuring instrument must be large

compared to the resistan~s of the discharge paths that exiat on the
material under test,

5. The method of generating the charge may affect the electrical pro-
perties of the test specimen,

The measurements of charge and potential that have been made (with the except-
icn of those made by Medley (43), (44))Appear to zive readings of the sume of the
mmltiple charges of opposite sign that existed on the surfaces under measurement,
Sraham (2%) rubbed surfaces, on which various agents had beer deposited, and measur-
ed the potential generated as a function of the concentration of various types of
agents both surface-active and surface-inactive. It would seem unavoidable that
juch rubbing would change the surface properties and theresby possibly affzet the
ntistatic performance of the agents. This criticism could be applied, likewise,
co the workas of Chandler {9), Fishback and Horewitb (15), Hayek (28), and Paiiaud
and Geullioud (50), all of whom used friction, with the attendant posaibility of
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abrasion, as the means of generating the quantity under measurement,

Although it would be useful to obtain data on the effect of various artifices,
including antistatic agents, through measurements of the rate of charge genemtim.l,
the maximum value of the chaige, the potential gradient, and the rate of dissipation
of charge, the experience of the last two years has indicated that too many un-
controllable factors exist to m.be such measurements useful except possibly to peint
out new directions of research. On the rher hand, a considerable amount of succe:s
has attended those efforts directed tows.d the measurement of the resistivity of
materials. Because of the relative ease of measurement, and because of the reali-
zation that if the resistivity can be brought down to a low enough value then the
magnitude of the other parameters becomes unimportant., In line with this reasoning,
most of the recent investigations have been directed toward the measurement of the
effect of various factors on the resistivity of the material,

Whether resistivity is a reliable indication of electrostatic behavior depends,
at least in part, on whether such resistivity is ohmic or dependent on the potantial
gradient, Most experimenters reported that the resistivities observed were ohmic
over the range of potential gradients used in their experiments (18), (13), (20),
(33), (66). However, Murphy (45) reported non-ohmic behavior in resistivity meas-
urements,

Evershed (14), on the other hand, in his work with cotton and other materials,
found that only those materials that were either entirely free from water content
or were saturated with water exhibited an ohmic nature. Between these limits, the
behavior was found to be non—ohmic, witli the resistance decreasing as the potential
gradient was increased. It should be pointed out, however, that the gradients he
used wers high, and that the curves obtained were not clearly defined for the gra-
dirnts commonly used in measuring the resistance of fabrics,

Mr, Harold MclLean (65) of the General Elecctric Engineerinz Laboratory stated
that the resistivity was a function of the potential gradient, reaching a peak value
and then decreasing as the gradient is further iucreased.

Thus, the calculation of resistivity obtained from readings of E/I may or may
not describe the instantaneous behavier of the material, depending on whether or
not the resistivity is a function of the field strength.

Other than the ohmic or non-ohmic nature of the resistivity measurcments,
scveral variables in the test procedure must be given due consideration. The heter-
ogeneous nature of the samples, and the non-uniformity of antistatic application
beth preduce variations in the resistivity values obtained, Likewise, the pressure
betiseen the sample under measurement and the contact electrolss must be considered;
however, this source of variation can be substantially reduced by appropriate design
ol the equipment, as reported in the AATCC Inter-Laboratory Resistivity Tests (18) ,
ard by Texeira and Edelstein (66) in using their guard ring electrode,

The foregoing review of the literature pointed out the mumerous difficulties
to be expected in an evaluation of antistatic agents on parachute fabric. le the
measurable parameters arc rather well defined, the correlation between laborators
evaluation to actual service results remains undetermined,
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Instruments

As mentioned previously, the methods employed for determining the electrustatic
properties of textiles may be separated into two general classifications; first,
instrumentation which generates a charge on the test specimen through frictien and
meagures the resulting electrostatic potential, clectrostatic charge, and/or the
half-life period of the charge; and, second, instrumsntation which measures the sur-
face or volume resistance of the specimen under .investijg:tion.

In aa effort to determiue which of the two categories could be expected tc give

the more desirable technique for the project, three serizs of evaluations were per-
formea,

1. Measurement of Electrostatic Charge

An Electrostatic Susceptibility Meter was used in conjunction with a fricticn
device for generating a charge on the fabric sample, This arrangement allowed the
measurement ci the charge generated as well as the half-life period cf the charge.

Tests were designed and conducted to determine the reproducibility of results
obtajned on a single test sample, 4nd to determine the range of variations to be
expected in the measurement of several test samples representing the same anti-
static treatment,

The inability of this instrumentation to provide reproducible results on a

single test specimen indicated its shortcoaings and undesirability for further ine
vestigation,

2, Measurement of Electrostatic Povential

The Fabric Contact Potential Meter developed by the General Electric Company
was loaned to the Res:arch Foundation, and was utilized in a series of tests for
measuring the electrostatic potential developed on fabric surfaces.

This instrument, discussed jn appendix III, was found to give resul:s with a
non~reproducibility sufficient to regard the apparatus as unsatisfactory for a
quantitative indication of electrostatic behavior.

3. Measurement of Surface Resistance

An instrument, modeled after the Hayek and Chromey Resistivity Meter, was loan-
ed to the Foundation by the Ames Worsted Company, Lowell, Magsachusetts, This in~
srrument was utilized in the evaluation of fabric surface resistance as a measure of
the electrostatic properties of the nylon parachute fabric,

Fourteen different antistatic agents, applied to both white and orange nylon
fabric, were evaluated at standard conditions to determine their affect on the fabrie
surface resistance, A tabulation of the results obtained, and a statistical aralysis
of the data is presented in Appendix IV. In general, the investigation gave repro-

ducible readings for a single fabric specimen, and demonstrated the reliability of
the resistance values obtained,

As a2 result of the foregoing investigations, }{ttle doubt existed concerning
the parameter (2 be utilized in the evaluation of antistatic agenta on nylon fabric,
Heasurements of resistivity on the test specimens was selected as the only available
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method by which reliable data could be obtained, Such a sel~ztion was in keeping
with the feelings of other investigators in the field, and was further authenti-
cated when the American Association of Textile (hemists and Colorists Coumittee
on Static Electricity accepted such resistivity measurements as the Tentative Test
Method for the evaluation of antistatic agents,

The pioblem with which this proje'+ was concerned, however, required further
considerations, Since the base refersuce value to be used as the criterion of
effectivaness of an antistatic treatnent was selected as the antistatic properties
of untreated nylon at standard conditions (70°F and 65% RH). what then was the re-
sistance value of nylon at these conditions? Texeira and Edelstein (66) reportzd
a value of 2 x 1013 ohms for nylon at these conditions. However, it was reasonable
to assume, in view of the work of other investigators, that the resistaace range of
untreated nylon might reach the order of magnitude of 1015 ohms,

Anothsr factor to be considered was the establishing of the maximum resistance
that a treated parachute can have before difficulties due to electrostatic attrac-
tion occurs, The only information available in regard to this question was that the
standard nylon parachute under ordinary ausbient teuperature and relacive humidicy
conditions will usually function properly. Thus, without actual experimental data
available, a maximun allowable valyz of resistance was unknown, ani a treated fabric
with a resistance of as high at 1040 ohms at -300F and 10% RH might function just as
vell as a parachute having a resistance of only 1012 ohma,

These considerations determined the primary characteristics of the test equip-
ment required for the project. The instrumentation had to be designed to allow the
measurement of fabric surface resistivities in the order of 1016 ohms, Likewise,
the test apparatus had to be capable of obtaining ambient conditions in the order
of -300F and 10¥ RH,

In an effort to ascertain which of the many possible direct-reading instrumcacs
would be most suitable for the measurements of such high resistances, an extensive
search of the literature was made, and the market was surveyed for commercially
available units, Of the instruments encountered in the survey, the " Czaco Electron-
ic Electrometer” and ths "Keithley Electrometer could be expected to provide
accurate readings into the regica of 1015 oims, Likewise, the "Sensitive Inverter',
a chopper amplifier sold by Ballantine Laboratories, Inc,, Boonton, N, J., might
also give readings up to 1014 or 1015 ohms. The Cenco Ele.tronic Electrometer was
finally selected because it met all tne necessary requirements and was rather in-
expensive,

Although the circuit stability of the electrometer used for direct readings of
resistances in the 1015 ohm region may be of a high order, these readings would be
difficult to obtain because of the susceptibility of the instrument to extermal dis-
turbances, For example, vhen a short length of wire was attached to the "hot" input
terminal of the Cenco Electronic Electrometer, it could detect the breathing of an
operator at a distance of ten feet if it were set in its wost sensitive positiocn,
Likewise, leakage currents, capacitance changes between charged objects in the
vicinity of the test set-up, and electrical transients increased their nuisance
effects as the resistance values under measurement were increased.

In order to eliminate uany of these inherent difficulties, an instrument for
resistance measurements was considered which would be essentially an integration
type of meter. Such an instrument is described in Appendix V. Although it offered
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considerable promise, further development of circuit comporents would have been a
costly and time consuming process, In view of the modicum of success in test re-
sults achieved with the early Hayek Chromcy resis-ince meter, work was directed to
the development of a similar resistance meter having a higher resistance range as
well as in improved electrode assembly.

II INSTRUMENTATION

Electrodes and Accessories

Design and Construction

The Electrodes designed for Instrumentation (Figures 1 and 2} were a modifi-
cation of the concentric-ring design of Texeira and Edelstein (0S). This design
permitted two major advantages over the conventional parallel electrode design.
First, the circular area of the fabric test specimen automatically eliminated the
need for separate measurements in the warp and filling directions. Second, the
design allows simple conver-ion of the electrodes for their utilization to measure
either surface or volume resistance of the material,

The upper electrode consisted of two concentric stainless steel rings se. up
on a highly polished Polystyrene stand-off insulator, While tire use of a bonding
agent was sufficient to attach ths two materials under normal conditions, a unique
design was required for low temperature work since the difference ir the coeffici-
ents of expansion of the materials was sufficisnt to cause separation at -3GOF,

By falricating the electrodes and Polystyrene insulacors in such a manner that
they were held together by a tongue and groove joint, and inserting cement into
the joint by means of a hypodermic needle, a permanent bond was obtained. In
addition, considerable care was taken in order to maintain :lese tolerances and
highly polished surfaces on the electrodes and the insulators,

The lower electrode, utilizing a movable steel-Polystyrene disk, provided for
a uniform contact between the fabric specimen and the upper electrode.

The manipulation of the electrodes was accomplished by means of the electrode
assembly shown in Figures 3 ard 4, where the air dashpot establisnes a fixed rate
of loading for all specimens,

The measuring circuit (Figure 5) is comprised of a Scurce Voltage (Eq), a
Cenco Electror .- Electrometer, and a meter shunt, The source volcage was con-
structed to permit the selection of 300, 100, 30, »r 3 volts, The meter shunt was
made up of nine calibrated resistors ranging from 105 to 1014 ohms with a suitable
selector awitch (Figures 6 and 7).
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Calibration

For the circuit (Figure 5) it can be shown %hat:

Ry = Zg x Rghv ~ Rehv, , .

where Ry = Fabric surface re. .stance in ohms,
E, = Supply voltage (300, 100, 30, or 3 volts),
E, » Cenco reading (0 to 5 volts), =
Rghy = Meter shunt resistance in ohms, :

Since fabric resistivity has been defined as the resistance per square of
fabric, then:

Fabric resistivity « Ry x Width of specimen ohms,
Distance between electrodes

and where width of specimen = 1.5/8"qF =5,106 inches
Distance between electrodes = 0,125 inches,

thus:

Fabric resistivity (ohms) = Ry x 40.8.

The circuit arrangement was caliirnted againat resistances of the
values 9.5 - 108 ohms ana 9.3 x 10 ohms, using eac: c: e four supply voltages
and the appropriate Rghy resistances, From the data obtained, the correction factor
required to convert the calculated resistancz to the true resistance was determined,
The results are presented in Table 1 and are shown graphically in Figure 8,

While the application of a correction factor was desirable tc convert all
Beasurements to a true resistance value, the variations between true and calculated
values could not be considered as detrimental to the test procedure. Nevertheless,
this correction factor indicated the limitation to be expected in any attempt to
correlate results obtained using the various source voltages and shunt resistances
available with the test ipparatus, '

In additica to the calibration of the test apparatus against known resistances,
the apparatus was also checked by measuring the surface resistance of seven samples
supplied by the AATCC,

The samples consisted of one untreated and six antistatic treated nylon fabrics,
the vesistances of which had been measured at siz different laboratories in a "round-
rotin" test program. Tne rcsuits obtained on our apparatus were converted to the
logarithm of the resistivities, and have been tabulatad (Table 2) in comparison with
tiie range of rasults reported to the AATCC by other laboratories,

In general, the results obtained shuwed good agreement; although all resistance e
values for the treated fabrics were slightly higher than the maximum values :eported =
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to the AATCC from other laboratories,

Temperature and Humidity Chamber

Required Control

In the preliminary consideration of the design o. the Test Chamber, it was
deeme. necessary to control both the temperature an¢ relative humidity within very
tlose tolerances. This opinion was based on the results obtained by other expzri-
menters on resistance measurements as a function of humidity, where a slight change
in bumidity resulted in a large variation in resistance (resistance varying as an
inverse functjon of humidity). Those studies, however, were conducted at conditions
with relative humidities of 30% to 70% and with temperatures greater than 32°F,
while the data desired for this project was for conditions of -30°F and 10% RH,

From rigure 9 we see that a slight change in relative humidity at 60°F to S0°F
results in a considerable change of absolute humidity, while at -30°F a correspond-
ing change in the RH produces only a slight change in the absolute humidity.

As can be seen from Figure 3, the water vapor present during resistance
measurements by other workers was quite high, and hence a slight change in humidity
would produce a large change in resistance. At the extremely low values of absolute

humidity required for this project, the resulting effect of small changes in mmidi-
ty on the resistance should be small,

Thus, it was deemed unnecessary to construct equipment for rigidly controlled
conditions of temperature and relative humidity, and therefore in the final design

a manual control system was used by which the temperature and humidi®y could be held
within the limits of + SOF and + 5% RH,

Construction

The conditioning test chamber was constructed as shown in Figures 10, 11, and
12. Although the basic design was relatively simple, i. e., a double-walled chamber
with a 1/2 inch air space between walls, the fabrication difficulties encountered
in the assembly were extremely time consuming and tedious. Nevertheless, every pre-

caution had to be taken to incorporate the features of air-tightness and good in-
sulating properties.

The cooling chamber (Figure 13) was incorporated within the conditioring cham~
bev, with a mixture of dry ice and acetone serving as the .efrigerant, The de-
bridifying and heating systems were cocnstructed as shown in Figure 14. The man-
r2lly controlled dehumidifying syatem was such that while one drying cell was in
use, the alternate drying cell could be reactivated. The small volume of air re-
tained v«ithin the test chamber and the relatively large quantity of available
desiccant permitted a rapid reduction in humidity, The heating system allowed a

positiv: ccntrol of the temperature by providing, w~uen necessary, a counteracting
effect o the cooling chamber,

A Minneapolis Honsywell Temperature Recorder with a range of -70°F to 160°F,
ard a standa,d mercury thermometer were utilized for temperature measurements;
wnile an Amirco tecording Electric Hygrometer, and a Serdex Hygrometer (Type HGS-
HY-1) were used as indicators of the relative humidirty within the test chamber.
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The completed LTIRF Resistivity Tester was placed within a Faraday Cage to
eliminate external disturbance effects, The Resistivity Meter Assembly and the
Faraday Cage are shown in Ffigure 15,

III  ANTIS'ATIC AGENTS

The AATCC Yearbook and Hall's Modern Textile Auxiliaries were used as the
principal source of information in cbtaining the names of companies who manufactured
antistatic agents. Thirty-five companies were contacted for samples of antistatic
agents capable of withstanding washing and dry cleaning proceduses withcut losing
their efficiency, While a large number of such agents were received, no agent was
suggeated as being fast to both washing and dry cleanirg.

The antistatic agents received and subsequently tested were those identified
in Table 3. .

The thirty-nine agents were applied to both Neutral White and International .
Orange nylon Type I, 1,1 ounce, rip-stop weave, parachute cloth, The material was e
obtained from Cheney Brothers, Manchester, Connecticut, and corresponded to United B
States Government Specification MIL-C-7020,

Application of the agents to the fabrics was carried out using a laboratory
Butterworth padder. The per cent difference between the conditioned weights
(759F and 65% RM} of each sample befcrs and aiter the antistatic treatment was
considered as the per cent solids deposited on the material., In Table 4, the per
cent solids add-on and the manufacturer's claim for the fastness properties have
been tsabulated.

If the manufacturar made recommendations as to the amount of antistatic agent
required for maximum effectiveness, then the add-or applied was in keeping with
those recomsendations., Where no specifications were available, an attempt was made
to apply a 2% active add-on. If nc specifications were furnished and if the zgent
had a limited solubility or dispersibilicy in the application medium which prevent-
ed an add-on of 2%, then the maximum possible concentration (for maximum aid-on)
was used,

From an evaluation standpoint, it would have been more desirable to apply ‘
each antistatic agent at different levels of concentrations and determine experi- 2
mertally the most effective add-on, This method, however, was not practical due ‘
to the large amount of work that would be involved. On the other hand, it was felt
(in keeping with the views of many manufacturers) that if a sufficient amount of
agent were applied, then the maximum efficiency should be obtained. This theory
is shown in Figure 16, where the additicn of antistatic agent concentrations great- B
er than "M" produce a negligible change in the efficiency of the treatment, B

The highest value of "M" reported by manufacturers who specified the most
efficient coucentration of their agent was given as approximately the 2 per cent
level. This constituted the basis fer selecting 2 per cent or higher concentra-
ticns where recommendations were not supplied.
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IV TEST REZSULTS

A. Orange vs White Nylon

Early in the program the Air l'orce indicated that a greater number of operation-

al failures were reported for the oraigc—hite parachutes than for the solid coloreas

{wbite or orange) parachutes. Thia posed ‘. question as to whether or not the
electrostatic properties of orange dyed nyion were sudbstantially different from
those of undyed nylon,

In conjunction with the analysis of antistatic treat:d fabrics using the Hayek-
Chromey Meter (Appendix IV}, resistance measurements were made oa both orange fabric

and waite fabric to determine if any differences existed between tha two fabrics,

Based upon the supposition that the electrostatic pmperties of the wnite and
srange nyloen fabrics are the same, the application of several antistatic agents to
the two materials should give antistatic properties with a high degree of correla-

tion between the orange and white fabrics. The r<lative mean effectiveness of four-

teen antistatic agents have been listed in Table 5, and presented in graphic fora
in Figure 17.

The data indicated that a certain order exists in regard to the relative

effectiveneas of each agent for the two fabrics. Two methods of correlation, based
on ranks, were applied to the data. (The possible value limits ars -1 to +1, with
=l indicating high negative correlation, 0 indicating no correlation, and +1 indi-
catinrg high positive correlation,]} The correlation coefficient, using the Spearman

technique, was found to be +0.81, while the coefficient using the Kendall methed

was +0,69, From these results it is possible to conclude that, from among the

several antistatic agents, the one showing the mnst effectiveness on white fabrics

will also be most effective on an orange fabric, However, the actual numeric
resistivities of the agent on each fabric will not be equal.

B, Resistivity as a Punction of Temperature

Using the LTIRF Resistivity Meter, measurementa of resistivity as a function

of temperature with approximately constant relative humidity were made on white
nylon fabrics treated with antistatic agents No, 13 and No, 15, Fach value obtain-
ed was the average of five resistance measurements on a single fabric sample, Each
specimen selected for the evaluation had a resistivity value close tac the mean
resistivity value of the treated fabric when measured at 64°F and 63% RH, All
medsurements were made on the same surface of each specimen,

The results of the investigation have been tabulated in Table 6 and shown

graphically in Figure 18,

C. Resistivity as a Function of Relative Humidity

Measurements of resistivity versus relative humidity at constant temperature

wcre carried out on three fabric samples., The results obtained are shown in Table
7 and Figure 19, The tests were made on the specimens used for the resistivicy vs
temperature study, and the same nrecautjons were followed in the evaluaticn,
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D. Resistivity Measurements

Using the LTIRF Resistivity Meter, the thirty-nine antistatic treated fabrics
were evaluated at various conditions of temperature and relative humidity. The
results obtained are tabulated in Tables 8 and S,

The tests conducted at -30°F + 5° anc 10% RH + 2% indicate that treatments
No. 6, 7, 9, 13, and 15 were the only sam .es worthy of further evaluation, These
five treatments (on toth white and orangz fabric) were subjected to a laundering
procedure in accordance with the AATCC Tantative Test Method 40~52, and re-evaluated
for their antistatic properties. All treatments, after laundering, had resistivity
velues beyond the range of the test apparatus (greater than 6,12 x 1¢16 ohms),

The mean resistivity and the range of values were calculated for each treatment,
In those cases where one or more values were within the rangs of the apparatus
while the remaining measurements were greater than the test limits, the average
resistivity was reported as a value greater than the maxioum range, and the minimm
value measured was inccrporated in the tables as the lower limit,
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V DISCUSSICN

A, Eiectrostatic Differences Between Orange and White Parachute Cloth

The results of the rank correlatica data for orange treated fabric to white
treated fabric gave a Spearman coefficient of +0.51 and a Kendall coefficient of
+0,69, Based upon the hypothesis that no difference -xisted ir the electrostatic
prop rties of the dyed and undyed materials, and since the amount of antistatic
agent applied to the two fabric samples was substar tially the same, then it was
ivgical to assume that a high positive coefficient of correlation {near +1) would
be found. {le the correlatica coefficients are fairly high, little doubt exist-
ed that a variation does exist between the resistivities (and hence between the
electrcstatic properties) of the dyed and undyed nylon parachute fabrics.

An examination of the mean values for each antistatic treatment on the orange
¥s white Tabric, shows that, in general, the resistivity of the orange material has
A higher value than that of the vhite fabric,

In the light of these data, it may be interpreted that the corange dyed fabric
is of a higher resiscance than the original undyed materizl. Thus, a greater
electrostatic potential (increased attraction) could exist bLetween the different
colored panels in the orange-white parachutes than in a single color parachute.
Bence, at threshold conditions, the increased attraction between the oranje and
white portions of a combination parachute might be sufficient to cause inc.eaazed
operational failures reported for this type of parachute,

B, The Effect of Temperature on Kesistivity

Even though good reproducibility was obtained in the resistivity-temperature
data for treatments No. 1) and No. 15 (Figure 18), the results achieved were not
sufficient to determine the exact relationship between temperature and fabric re-
sistivity, The slight variations during the teats of relative bumidity and, pro-
bably mcre important, the variations ir absolute humidity have been reflected,
undoubtedly, in the curves produced,

The variations in beth relative and absolute humidity during the investigation
are shown in Table 10, The table shows that the moisture conteat of the air at
329F and 16% RH was thirty times greater than the content at -3C°F and 10% RH.

Since Hersh and Montgomery (33), Keggin, Morris, and Yuill (36), and Slater
(61) reported that resistivity is primarily a function of moisture coatent rather
than chemical structure, and since the moisture content of the materisl depends
on the abizolute humidity rather than on the relative humidity, an evaluation of
resistivity vs temperature measurements would require a rigidly controlled absolvte
humiiity, Nevertheless, the data acquired describe satisfactorily the phenomenon
involved, wherein the surface resistivity increases s the tcmperature decreases,

C. The Effect of Moisture on Resistivity

As in the case of the resistivity vs temperature measuresents, the data ob-
tainzd for the resistivity vs relative humidity were insufficient for the dztermina-
tion of a quantitative evaluation of the resnltz, However, the data clearly
illustrated the fact that fabric surface resistance increases as the relative
humi ity decreuses,
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D, Resistivity Measurements

The rean surface resiativity of untreated nylon parachute fabric at conditions
of 70°F and 65% RH was determined to be:

6.12 x 1014 ohms for white material, and
10.8 x 1014 ohms for orange material,

These values compared favorably with the value of 2 x 1013 ohms rgponed by
Texeira and Edelstein (66) for untreated nylen fabric surface resistivity.

In line with the target properties discussed previously, these rc'{istivity
values were used as a reference point for establishizg the relative effectiveness
of a given antistatic treatment at low temperature and low humidity conditions,

while none of the thirty-nine agents tested withstood laundering, five fabric
treatments, Nos. 6, 7, 9, 13, and 15, possessed antistatic properties at the con-
ditions of ~30°F and 10% ﬂ which were in the range of the reference values of
6.12 x 1014 ard 10,8 x 104 ohms for nylon at standard conditions.

VI CCNCLUSIONS

From the evaluation of antistatic treatments on nylon fabrics, the following
conclusions may be drawm:

1. The surface resistance calculated from the /I values obtained with
the LTIRF Resiutivicy Taster required a correction factor to decter-
mine the aciual resistance value, The magnitude of this factor depends
upon the supply voltage and meter shunt resistance used in the circuit,
while the correction factors are normally very near 1,0 {indicating
little difference between calculated and true resistance), they must
be taken into consideration when attempting to correlate data obtained
with different instruments,

2. The calculated mean resistivity of untreated nylon parachute fabric,
Type I, 1.1 ounce, rip-stop weave at standard conditions of 70°F au
65% R was:

6.12 x 104 ohms for Neutral white, and
10.2 x 1034 ohms for International Orange,
3. A given antistatic agent differs in its effectiveness when applied

to white nylon and to orange nylon fabrics. For the agents %gsted,
all but one were more effective on the white fabric than on the
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orange fabric, The rank correlation of orange fabric to white fibric
indicated a difference in the electrostatic properties of the tuc
matesials, These factors are important in the light of verbal re-
ports that a greater number of operationa. failures cctur with orange-
white parachutes than with solid color parachutes.

4, No permanent (to laundering an. dry cleaning) antistatic agent was
foun. to be effective for elect:-static protection of nylon at -30°F
and 10% RH,

S. Two non-perranent agents (Nos. 13 and 15) gave the nyloa the desired
antistatic properties at -30°F and 10% RH. In 2ddition, treatments
Nos. 6, 7, and § were relatively effective and deemed worthy of
further consideration and evaluation prior to & sclection of any
one "best" agent,

6. The fact that several antistatic agents proved to be effective under
conditions of extremely low absolute humidity is of significance in
the theory of antistatic action. Under such conditions the resistance
cannot be primarily a function of the absorption of water by the agent,
Although conduction dus to moisture content may be the predominating
characteristic under normal atmospheric conditicns, the electrical
behavior encountered under adverse conditions must rcflect the phy-
sical and/or chemical properties of the agent,

This evaluation of antistatic agents cannot be considered as a completed
program in tho estadlishment of the best commercial antistatic agent for nylon
parachutea, Since no permarnent agent was found satisfactory, a nci-permanent
treatment of sufficient efficiency should constitute the desired goal. While
five such possible agents were selected from the thirty-nine materials tested,
the final selection would nave to P: based on & continued investigation to
establish statistical significance to the choice made in light of th: effective-
ness of treatment and the final properties of the nrylon fabric,

In estabhlishing the antistatic efficiency (or other characcteristics) of agents
inveatigated, consideration must be given to the range of resistance values xzeasured
for each treatment. While two given treatments may have the same mean resistiv-
ity, the treatment with the smaller variance rust be considered as providing the
better finish, and consequently providing the better slectrostatic prc.ection,

In this investigation there was a considerable difference in tle variances
of the resistivity measurcments for the various agents, These differences may be
& consequence of the effectiveness of the agent, or a functizn cf the evenness of
application, If the antistatic properties of a given agent tand to chanze due to
chemical or physical modification of the finish, then a large variance may result,
On the other hand, when the electrostatic propertie~ change rapidly with the con-
centration of the applied agent, the method of appiication must be considered, It
iy well known that in the applic-tion of a finish, differences in pickup will occur
over the length of fabric as well as from side to side of the piece, These two
possidbilities are worthy of consideration in the finai selection of an agent for
use as xn antistatic finish,
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Up to this point, it has been assumed that the malfunctioning of parachutes
in the dry arctic regions is due to the retention of static charges., Shouid this
be the case, then (based upon the investigation cor ducted) the application of a
suitable non-permanent antistatic agent would alleviate those difficulties. As
suggested by Mr. H, T. McLean, (G:meral Electric Co.), not only the parachute but
all other dielectric materials in the artire parachute assembly and container
should be tre.ted with an antistatic age: &, for maximum possible efficiency.

As previcusly stated, the effectiv-ness of the antistatic agents has been
evaluated through the investigation of only one of the measurable parameters known
to be important to electrostatic behavior - fabric surface resistivity, How well
such laboratory resul¢s correlate wich actual service pcrformsnce remains unangwer-
ed. This question, along with numerocus others prevailing in this field can bde
answered only through a continued and expanded investigation of the phennmenon of
static electricity.

Several avenues of ap;roach should be folilowed in an effort to understand
furtber and combat the problems created by static charges. r{he method c. mcasur-
ing fabric resistance may be greatly improved by an investigation of the utiliza-
tion of the Integration Circuit (discussed in Appendix V), Other parameturs
affecting the electrostatic behavior of materials (i, e., <he dielectric constant
and the magnitude of the electrostatic voltage generated across an interface)
should be studied to obtain accurate and reproducible methods of measurement, and
to determine the relative importance of all parameters, The various basic materi-
als, such as nylon, must be studied and understood from the point of view of elec~
trostatic susceptibility., Such a study may be more effective through the use of
homogeneous nylon sheeting rather than a woven fabric., And, finally, tae nature
of the firishes, applied as antistatic agents, requires a greater unde- :tanding,
wiaerein the significance of the chemical structure, possible chemical action, and
phi'sical properties can be interpieted in terms of antistatic properties,

In general, the problems cf static cannot be wholly overcome until a thorough

understanding of the phenomena is made available by an expanded program into the
many related fields,
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APPENDIX II

A THEORY OF STATIC ELECTRIFICATION

Of the 1everal theorics which have been suggested to explain the mechanism ol
static electrification by friction, none can explain the {:henomenon as well as those
based on quantum mechanical consideration (1),?2), (3), (4), (5),

The explanations which have been presented, however, cannot account for all
the details of static electrification and are far from being complete, The analyti-
cal investigation of the problem of static electrification is so complex that recert
irvestigations have been primarily restricted to metal to insulator friction, Ic is
hoped that an understanding of this simpler case may eventually lead to a solution
of the more complicated instance of irsulator to insuiz¢sr frictiom,

This review does not deal with such microscopic effects as double layer effects,
electrolytic effects, etc, It is felt that an atomistic understanding of the pheno-
mera-is of primary importance in pointing the way to the solution of the problem of
electrificatica from the point of view of the properties of the magerial,

There are essential structural differences between metals and the so-called
insulators, bthen an electron coming from infinity (with a given energy) passes
through a metal, its potential energy is reduced, The total energy, however, remains
unaffected, 7he states of motion of the electron im the metal arc ,.nssible only in
a number of discrete energy states, Not more than two electrons ci : OCCUpy any one
energy level (Paule's exclusion principle), In the case of an insulator, some of
the energy levels are fully occupied in the sense that the electrons in them are
bound and cannot participate In the conducticn of electricity,

It is not reasonable to consider an insulator &s possessing allowable bands
since these could bo occupied by free electruss, i,e,, the insulator would conduct
electricity which is against ovr conventional concept of a true insulator, It ia
more realistic, instead, to visualize allowable states which can be occupied by
electrons of raztricted freedom of movement, This point of viev can then explain
the adherence of the charging elzctrons on the surface of an insulator, and it can
also account for the possible existe.e of "holes”" whenever these semi-free electrens
can be detached from the surface of <he insulator,

An explanation of the electrificaticn can now be had on the basis of the pre-
vious argument, The schematic shown in Figure 20 is very helpful to the discussion,

Three cases are considered for a block of metal and insulators brought into
the proximity of each otuer, The above figures also show the manner in which the
potential barrier is expected to change with the separation between the metal and
insulator, Case III, shown in detail in the lower part of the figure, indicates
the two possibilities of having the metal charged negatively by friction according
to the holes left in the insulator being due to eluctrons leaving a state of re-
stricted freedom or the re.erse case for which the metal becomes positively charged,
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The point of view which has been adopted above can explain the influence of
the effect of applying mechanical pressure when electrifying bodies by friction,
It also is able to yield a plausible explanation for the retcntion of the charge by .
an insulator, i,e,, the appearance of holes as indicated in the expanded Case III, .

The quantum mechanics approach i. this problem is new, and very few papers
dealing with this jrmediate question k-2 been written, ‘“cvertheless, the
scientific tool required for a satisfrctory explanation of the phenomenon of
sti tic may well be that of quantum mechanics, and future investigations may lead
to explanations of static generated by insulator to insulator friction,
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APPENDIX IIX

THE FABRIC CONTACT POTENTIAL METER

The ( eneral Engineering Laboratc ‘v of the General Electric Company has
developed a Fabric Contact Potential *ieter for the measurement of electrostatic
potential to indicate the electrostrtic nature of the surface of materials and the
effectiveness of appiied antistatic agents, :

This instrument is shown in Figure 21, and is operated in the following manner:
The upper and lower plates are circular disks of polished chromium, The upper plate
is separated from the electrostatic shield oy a polyethylene block, The test speci-
men is clamped securely over the lower plate, and the upper plate is grounded, The
lower plate is brought into close contact with the upper plate, and held securely
by means of a special clamp, The ground is removed from the upper plate, and then
the lower plate is quickly released and allowed to fall away from the upper plate
at a ccnstant rate, The potential existing on the upper plate is measured by a
Keiti:ley Electrostatic Voltmeter and represents the voltage existing on the fabric
specimen, The polarity of the charge indicated is opposite to that existing on
the fabric,

It was fcund necessary {(by General Electric) to rub the test specimen manually
with a sheet of Mylar (a Dacron film) to build up a charge on the fabric prior to
the measurement of the electrostatic poteutial, Throush this technique, the General
Electric representatives claimed that it was possible to obtain reproducible results,
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APPENDIX IV

“TATISTICAL ANALYSIS OF RESISTIVITY DATA
WITH THE HAYEK-CHKOMEY METER

Instrumentation

The instrum.nt used in this phase of the proj.ct was modeled after the Hayek-
Ciuomey Resutinty Meter, design and construction was such that surface re-
sistances from 105 to 4 LOx l()i ohms could be measured with an accuracy of about
5% ,ver the greater part of the range,

Experimenta]

Fourieen different antistatic agents, applied to both wvhite and to orange
nylon parachute fabrics, were evaluated at standard conditions (70°F and 65% RH),
Five samples were taken from each fabric, and ten resistance readings vere made for
each sample, thus obtaining a cusulative total of fifty resisctivity readings per
treatment, In a statistical sense, fifty tests allowed an accurate evaluation of
the effectiveness of the various treatments,

Regults

A tabulation of the results of the resistance measurements, and the statistical
calculations therefrcm has been presented in Table 11, The antistatic treatments
applied were identitfied in Table 3, Table il shows the test mean, test varianca,
standard error of the mean, and the nstimated population limits for each of the
fabrics invelved, The estimated population limits are further illustrated by their
graphical representations in Figure 22,

Piscussion

The measurement of the surface resistance of untreated nylon was prohibited by
the limited range of the instrumentation, thus the data obtained could rot be
interpreted in terms of the absolute effectiveness of the antistatic agents, Never-
theless, the relative effectiveness of these agents was cbtainable,

In order to establish the fact that 4 given antistatic agent was more effective
than another, it must be shown that the mean values of the resistivities of the
respective treatments differ from each other by an amount greater than that which
can be attributed to chance, In addition, it must also be shown that the distribu-
tions of the individual test values for each treatmert are statistically alike, If
they are not alike, it is necessary that they do not influence any analyses applied
to the means, Generally speaking, formal statistical tests for measuring the pro-
bability of unlike means of groups of test information are neceasary only when the
differences, of themselves, do not appear to be significant, In considering the
test lata, it was also decided to calculate estimates of both the standard error
for each group mean and estimates of the population limits for expected future tests
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for each treatment, The standard error of the mean is an index of the confidence
that can be placed in each mean value, From a visual examination of the population
test limits, the degree of overlap of the test results from one treatment to another
can be gauged, and a decision reached as to the necessity for a formal statistical
test to evaluate the probability that the groupa included are alike or unlike,

In considaring the mean wlues, . ¢ tabulated in Table 11 and represented g.a-
phically ir. Figure 22, it was obvious ‘*at the differences in the means were ao
great that a formal statistical test 2esigned to measure the probability of the
reans being alike was unnecessary,

In considering the uniformity of application of ~ach agent on a given fabric
(white or orange), the range of test results for all agents would tend to be of
the same magnitude provided that all other factors resmained equal, Since the tesi-
ing procedure was standardized to hold the other factors constant, then the applica-
tion of an "I, " tast would measure the probability that the variances {a measure of
the range of test results) were statistically alike, For thc agents tested, the
probability that the variances were equal was found to be considerably less than one
per cent, Thus, the chances were 99 to 1 that the variances were different, Hence,
the agsumption that the distributions of the test results for the various agents were
alike was not uphield, and therefore a variation existed in the uniformity of applica~
tion between the various agents,

As an example of the range of variances encoumtered, Treatment No, 5 had a
variance that was 1,713,000 times larger than that of Treatment No, 8 wvhen these
agents were applied to white nylon fabric,
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APPENDIX ¥

RESISTANCE BY INTEGRATION

In contrast with instrumentation for the direct reading of high resistance
values, a method which should improve the accuracy of the measurements is suggested
using the principle of integration, {n this system (Figure 23), tine textile sample
constitutes a series charging resistor f1.r an air condenser which has a shunt
resistance that is high compared to th: vealue undar measurement,

After the charging current {E ) has been allowed to flow for a predetermined
length of time, the condenser (c) Is connected acros» iiie terminals of an eiectro-
meter, From the known quantities, namely, the capacitance of the condenser, the
charging time, the external voltage, and the voltage across the air comAenser, the
value of the unknown resistance can be calculated since it can be shown that

Rx =% . ____%__)_ » where
¢ -lcg‘5 1-E,

E

Resistance in olms

14

(2 4
|}

= Charging time in seconds

Capacitance of the air condenser in farads

Source voltage

c
E!
2

Voltage across the air condenser after time t

Thus, with a source voltage of 1000 volts, a charging tjme of 100 seccads,
and realizable values of C, then values of up to about 1 ohms should be
measurable if an electrometer is used as an indicator of E, Likcwise, if a more
sensitive element were used for the indioation of E, it would be possible to extend
the range to a higher walue,
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, TABLE 1
o RESISTANCE MEASUREMENTS WITH CALIBRATED RESISTAMCE

. A Ry w 9.5 x 108 ohms 4 1%
b' Correction factor
' (vfits) (g;g) (v?{ta) Cﬁ;gl::::)li' ) g:ﬁﬁ}%éd R,
B 285 106 0.3 9.8 0,97
' 295 107 2.9 10,0 | 0.95 -
98 106 1.0 9,7 0,968 '
98 107 0l 9.8 N 4
30 107 0e3 16,0 0,95
30 108 2.5 11,0 0.86
3 108 0.3 9.0 1,08 B
& 3 169 1.2 27,0 0463

B. Ry w 9¢3 x 101} ohms 3 1%

5 Gomctif:.-: f:ﬁtor
,:?__.; (vgits) (:shl:) (,5'{“) Gzigtﬁa:;ii;. = %;3 % 123 R,
295 109 0.5 5.0 L
295 1010 6.0 5.0 s
98 109 v 0.1 » 9.8 ouss
98 1010 1.3 7.6 122
* 101 0.3 9.9 0.94
% Wt 249 9.4 | 0.99
; ’ e 0.3 90 1.03 :
? w02 1.1 17.0 | 055
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TABLE 2

IXTRF RESULZS ¥5 AATCC RESULLS

Log <! Resistivity

Fabric LTIRF Range of AATCC Results
= Untreated Nylon 15.4 12,4 to greater than 15,0
Treatment A 12,2 9.8 tc 10,4
Treatment B 13,8 11.7 to 13,4
Treatment C 10,1 846 to 9,7
Treatment D 9,8 8e4 to 9.4
Treatmeat B 10,7 9.1 o 10,8
Treatoent ¥ 10,6 944 to 10.4
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Treatment No,
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TABLE 3

Agenr

Zelec DP
S-1347
S-1348
S-1349
Polyethylene Glyco 4¢C
Mono Laurate
Aveosol 20
Tween 20
G=263
GRL 48916
Aerotex Antistatic
Aerotex Softener H
G 3350 (GRL 48917)
G 3780 (CRL 48913)
Decersol SE
G 202 (GRL 4891S)
Silver Lube A S
Silver Lube NFW
Silver lube F
Lektrostt B
Lektrostat GY
lektrostat C
Nopcostat 5V
Nopcostat YW
Arkansas SW
Trepostat 39
Triton K60
Ahco IXI Paste
Antistat R-50-N
Antistat H-50-N
Cellolube Antistat
Tanalube Q 200%
Cellolube CS 200%
Cellolube
Silver lube NF
Silver lube FW
Antistat M-50-N
Ceramine HC Conc,
Nopcostat ST
Nopcostat AS-40

ANTISTATIC AGENTS RECEIVED AND TESTED

Marnufacturs»

E, I. ¢&u Pont de Nemours & Co,
Glyco Products Co,
Glyco Products Co,
Glyco Products Co,
Glyco Products Co,

Atlas Powder Company
Atlas Powder Company
Atlas Powder Company
Atlas Powder Company
American Cyanamid Co,
American Cyanamid Co,
Atlas Powder Company
Atlas Powder Company
American Cyanamid Co,
Atlas Powder Company
Carolina Aniline
Carolina Aniline
Carclina Aniiine
Dexter Chemical Corp,
Dexter Chemical Corp,
Dexter Chemical Corp.
Nopco Chemical Co,
Nopco Chemical Co.
Arkansas Company
Treplow Products
Robm 7% Haas

Arnold, Hoffman & Co,
Tanatex Corp,

Tanatex corp,

Tanatex Corp,

Tanatex Corp,
Tanatex Corp,
Tanatex Corp,
Carolina Aniline
Carolina Aniline
Tanatex Corp.

Sandoz

Nopco Chemical Co,
Nopco Chemical Co,




TABLE

4

AGENYS APFLIED TO NYLON FABRIC

Treatment % Solids Deposited on !abrir

Manufacturer!s Claims Regarding Fastness tc

No, White Orangs iaundering Dry Cleaning
1 0.8 0,6 Yes No Claim
2 3.7 3.0 Partially Partially |
k] 3.4 3,1 Partixlly Partially
4 3.7 2.8 Partially Partially
5 4,3 3.0 Partially Partially
6 4,2 440 No No
1 4,1 3.6 Unicnown Unknown
8 l.4 1.8 Unicnown Unimown
9 3.9 4,0 Unkpown Uninown

10 3.0 3.4 Limited Limited

n 1.2 0.7 No Limdted

12 3.8 4.0 Uninowa Unknown

13 33 3.3 Unlmowva Uniknown

14 2,3 2.2 Limited Limited

15 3.3 3.4 Unimown Unimown

16 1.4 1.4 Yes Unknown

17 1.8 1,0 Yes Unknown

18 1.8 1.8 Yes Unknown

19 1,0 0.8 Fair Fair

20 0.4 0,2 Fair Fair

21 0,4 043 Fair Fair

22 1.2 1,0 No No

23 305 2.6 No No

24 0,4 0,3 No Partially

25 0.9 046 Partially Partially

26 Cel 0.3 No No Claim

27 063 042 Good Fair

28 0.9 0.3 No Unimownt

29 0.8 0.9 No Unknown

30 1,2 1,2 No Unknown
31 1.4 1,1 No tnknown

32 0.7 0eS No Unknown
33 0.3 0.4 No Uninown
34 3.7 1.8 Yes Unkmown
35 0.9 0.5 Yesn Unknown
36 Oed 1,0 No Urknown
37 263 2,0 Partially Unknown
a8 1,0 0.8 No No
39 2.1 1.8 No No
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TABLE 6

RESISTIVITY AS A FINCTION OF TEMPERATINE

Sample Temp IH
Troagent SF .3 Resjativity (ohma) g Regiptivicy
" 413 White 32 16 7.90 x 1011 19
#13 White s 13 3,70 x 1044 12,6
; #13 White ~4 12 1,32 x o013 131
#13 White -15 n 3,48 x 1014 14,5
#13 White -2 1 8,45 x 1014 14,9
#13 White =30 10 1,97 x 1018 18,3
#15 Wnite 32 16 4,23 x 1011 11,6
) #18 White s 13 1,32 x 10i2 121
' #1S White - 12 8,45 x 1012 12,9
#15 White ~18 1 2,15 x 1014 14,3
#18 white =25 1 5,92 x 1014 14,8
#15 White ~30 10 7,40 x 1014 14,9

g Wl S L e
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Sample
Treatment

Untreated White
Untreated White
#13 White
#13 white
#13 White
#13 White
#13 White
#13 White
#15 White
#15 White
#15 White
#15 white

WADC TR $4-3513

Temp
OF

64
64
64

RH
&
63
42
€3
45
42
32
22
18
63
a5

23

TABLE 7 ,
RESISTIVITY VS RELATIVE HUMIDITY (AT CONSTANT TEMPERATURE)

Log Resiatidity

Resistivity (obms)

10,3 x 1014 15,0
app 12 x 1015 16,1
1,48 x 1910 10,2
8,45 x 1010 10,9
9,12 x 1010 1,0
1,32 x 1011 n,1
1,82 x 101l 1.3
2,37 x 1011 11,4
less than 2,45 x 109 -

app 2.45 x 10° 9,4
2,82 x 1010 10,58
3,06 x 1010 10,9
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W o Vhite Fabric

Fabric Treatment

Untreated ~ W%
Untreated ~ Q%
l1--W
2-%
-V
4 -0
5-W

WADC TR 54-513

TABLE 9

FABRIC RESISTIVITY AT ~30°F AND 10X RH
{LTIRF RESISTIVITY TESTER)

Temperaty v« ~30°F
Relative Humidity 10%

No, of Specimeis per Fabric §

No, of Tests per Spccimen §

Total Readings per Fabric 25

Source Yoltage 300 Volts

Average Resistivity
{otwp)

Out of Range
Out of Rangi
>6,12x1
Out of Range
Out of ng{
6,12 x 1
1,22 x 1311:
5,18 x1
3,65 x 1015
Out ot Range
2,45 x 1018
6 02 x %gll 2
26,12 x
6.12 x 1016
Out of ngl
16,9 x1
17.7 x lgllz
,12 x1l
)g 23 x 1014
7.40 x 1014
Out of Ran
04 x 135
of Range
of Range
12 x 1016
of Range
12 x 1016
56,12 x 1016
Qut of Range
6,12 x1
Out of Range
Out of Range

2
Out
14
t

Ou
>6,

Ou
56,

k1

uwal T

QO e .U!ﬂf-‘o
[: J

. N

S8 PE2
BR age
88 8868

£ ]

&8

3
of

E

t

¥
g 8¢

| R

8,
16,9 x 1014
6,10 x 1016

Minimm of 2,40 x 1016

Minimun of 3,01 x 1016
Minimm of 1,50 x 1016

Minimm of 2,45 x 1016

0** o Or-nge Fabric

Limits of Resistivities

oSy




W* a White Fabric

Fabric Trestmeng

30 - W
1 ~-w
32-v
33 -w
34 - W
35 - w
36 -w
37 - W
8 -¥
39 ~W

WADC "R 54-%13

TABLE 9 (Continued)

FABRIC RESISTIVITY AT -3(F AND 10% wH

(LTIRF RESISTIVITY TESTER)

Termerature -30°F
Relati ‘e Humidity 10%
No, of Spec osans per Fabric §
Nu, of Tcsts per Specimen §
Total Readings per Fabric 2%
Source Yoltage 300 Volts

Average Resistivity
(obma)

Out of Range
Out of Range
Out of Rang
>6,12 x 1046
OQut of Range
Out of Range
>6,12 x 1046
Cut of Ran
6,12 x 1635
of Range

33

. ] .~ s &e M »~
B g A TR sy &t S

0% = Orange Pabriec

Limits of Resistivitiea
Individ Tes

Minimum of 2,45 x 1016

Minimm of 1,75 x 1016
Minimum of 1,53 x 1016

-

R I et T S Sl

BZ ¥ o v




-15
-25
~30

3
16
13
12
n

WADC TR 54-513

P

TABLE 10

Crains Vater Vapor
Per Pownd Dry : ir

(Absolute Mygridi )
424
1,07
10,66
0,38
0,21
0,14

i 4

=15

«30

VARTATION IN TEST ATMOSPHERE MOISTURE CONTENTS

RH Grains Water Yapor
g Per P A

1o 2,65

10 0,82

10 0,54

10 0,31

10 0,19

10 0,14
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FIGURE 2

DISMCUNTED ELFCTRODES
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STAINLESS STEEL
ELECTRODES
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Ficure 3

ELECTRODE AssemsLy

POLYSTYRENE
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FIGLRE 4

INTERNAL VIEW CF CHAMBER

45




WADC TR 54-513

a s GUARDED ELECTROOE

b = UNGUARDED ELECTRQOE

¢ = GUARD ELECTRODE

€s * SUPPLY VOLTAGE (300 V)

Ev = CENCO ELECTROMETER

Rstw = METER SHUNT (CALIBRATED RESISTORS)
Rs = SURFACE RESISTANCE OF RABRIC

Rv = VOLUME RESISTANCE OF FABRIC

Rsv = LEAKASE RESISTANCE FROM UNGUARDE'

ELECTPODE TO GUARD ELECTROOE

FiIGuURe S

CIRCUIT FOR SURFACE RESISTANCE




¥
"
G,
i
S
,Z
Ri

~—172" STRENE ROD (HiGH TERM)
/" —3TYRENE FLANGE

/-7 ___HIGH TERM
Pty 1:,//” ’
/
i@
| '/—c;:»'NETALTs
; 9 TAC
©~——~V4‘ SHAFT
—— L 3/8" STYRENE
,/’Z“a’ ROO
- ROD HOLDER
[’;) [%2]
g ¢ | PRECISION
§ RESISTORS
< 8¢ ¢
gl gl &
s o]
§ -4
- 3/8" STYRENE
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Ficure 6
METER SHUNT, FRONT ViEW
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172" STYRENE — _————LOW TERM

ROD SN -7

p
HIGH —
TERM
——GHAFT
BUSHING
~—— SWITCH WIPER
(MAKE BEFORE BREAX CONTACT
OF EACH POSITION)
AD FROM BUS
Low TERM i weTL
ENCLOSURE
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SINE VIEW 5
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Figure 7

METER SHUNT, Si0E ViEW
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GRAIMNS WATER VAPOFR: /L BS. DRY AIR

ABSOLUTE HUMIDITY -
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80
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10 20 30 40 50 60 70
% RELATIVE HUMIDITY
-20°F
/ '3°.F
// -400’:
,'.///
10 20 30 40 50 60 70
% RELATIVE HUMDITY
Figure 9

Motsture CoNTENT Vs RELATIVE HumoiTy
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-1/4" PLEXIGLAS

—i/2" AIR SPACE
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Figure 11
FronT ViEw oF TESTING CHAMBER
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2" 1D BRASS PIPE

TCP

pe————COPPER 1/18"
THICK

e e s

¥

PLEXIGLAS TOP
RUBBER GASKET -

COPPER WASHER

T P

e

ol
FiGuire 13

Cootuni CHAMBER

BRASS fUT

COPPER 1/16"
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54-513
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FiGURE 17
Correcation PLoT oF Mean VaLUE RANKINGS .
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CASE I Cavl 1T CASE TIT

ey
- -4 . ——— —— — — ey - —
E oo
- ~—~
T/ ‘\_r\_[‘ L4 |
L PCIENTIAL
ENERGY
CASE T
(EXPANDED)

i — ALLOWABLE LEVELS——.

| S——— VLIRSV,

Ll o

Ll il

/

-

' FORBIDOEN LEVELS—

Fieure 20

EXPLANATION FOR SoLID STATE PuySICS IMTERPRETATION
of STATIC ELECTRICITY
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12,
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14,

WADC TR 54-513

Spring ring for securing cloth sample.

Lower plate and spindle.

Catch.

Threaded lead connection,

Ground conneciiom,

Grounding ssitch.

Cap lead connection,

Keithly electrometer.

Voltage divider (10:1) given full scale reading

of 200 volts when in pisce between (7) and (8).
Electrical zeroing knob.

Mechanical zercing screw (adjusted only when Koitﬁlz
ts in "off” posttion). T
Bcale sedector switch., Turn "off” when meter is not
in use. '
Trigger for dropping {2).

Upper plate.

Ficure 21
Fagric CONTACT PoTenTia, METER
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Ficure 23

CIRCUT FOR RESISTANCE MEASUREMENTS
(Using PRINGPAL OF INTEGRATION)



